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) 6 . , 2 .
, $\mathrm{i}$ $(i=1,2)$ ,
(Ishiyama and Saiki(2005)).
$\frac{du_{i}}{dt}=(\hat{w}_{i}-(\alpha_{i}+\hat{p}_{i}))u_{i}$, (1)
$\frac{dv_{i}}{dt}=$ ( $\hat{Y}_{i}$ –( $\mathrm{a}_{\mathrm{i}}$ )) $v_{i}$ , – (2)
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. , $v_{i}$ $\pi_{i}^{e}$
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$\gamma_{\eta}$. ( ) , $\alpha_{i}$ .
, , 1
$\alpha_{i}$ . (5) , ( )
( ) $\gamma_{i}$ ,
( ) . ,
, ( $\mathrm{y}_{i}/L_{i}$
$w_{i}$ $(w_{i}L_{i})/Y_{i})$ (SportelJi(1995)). $\hat{Y}_{i}$ ,
.
$\hat{Y}_{\dot{x}}=\epsilon_{\mathrm{t}}(\frac{I_{i}+G_{i}+C_{i}-Y_{i}}{Y_{i}})$ (6)
, $\Xi_{i}$ , . ( ) ,
. (6) , .
. ,
$h_{\iota}$ .
$I_{i}=h_{i}(u_{i}, u_{j})Y_{i}$ , $j\neq \mathrm{i}$ (7)
, $h_{i}$ , .
$\frac{\partial h_{i}}{\partial u_{i}}<0,$ $\frac{\partial h_{i}}{\partial u_{j}}>0$ , $j=1,2,$ $j\neq \mathrm{i}$ (8)
. Skott(1989) ,
, , 2 .
4. , 7
$G_{i}=\delta_{i}Y_{\dot{\tau}}+\mu_{\dot{f}}(v_{i}^{*}$ -v Yi(9)
. $\delta_{l}$ $\mu_{i}$ 5, $v_{i}^{*}$
. ,
$C_{i}=c_{i}((1- \delta_{i})((1-u_{i})Y_{i}+r_{l}B_{i})-q_{i}\frac{dB_{i}}{dt})+(1-\delta_{i})u_{i}Y_{i}$ (10)
. $c_{i}$ , . $B_{i},$ $q_{i}$ , ,












, $v_{i}$ . ,
.
$\alpha_{1}=\alpha 2=0.02,$ $\beta_{1}=\beta_{2}=0.01,$ $\theta_{1}=\theta_{2}=0.8$ , ,
, $\gamma_{1}=\gamma_{2}=0.5,$ $\epsilon_{1}=\epsilon_{2}=0.1,$ $c_{1}=c_{2}=0.3,$ $\delta_{1}=\delta_{2}=2/7,$ $v_{1}^{*}=v_{2}^{*}=0.8,$ $\mu_{1}=1.25,$ $\mu_{2}=6$
. ,
$f_{i}(v_{i}, \pi_{i}^{e})=0.1(\frac{1}{1-v_{i}}-4.8)+\pi_{i}^{e}$ (14)

























$\delta exp(\lambda_{\max}t)\leq \mathrm{e}rr$ (22)
$t(=t_{m\text{ }x})$ , , $\delta=10^{-16},$ $\lambda_{\max}=0.04$ , $err=10^{-8}$
$t_{\max}= \frac{\log(err)-\log(\delta)}{\lambda_{\max}}=\frac{1o\mathrm{g}(10)^{-8}-\log(10)^{-16}}{0.04}\approx 200\cross 2.30=460$





, . , , . $n$
$(\mathrm{x}\in \mathrm{R}^{n})$
$\frac{d\mathrm{x}}{dt}=f(\mathrm{x}),$ $t\in \mathrm{R}$ (23)
$t=0$ $\mathrm{x}$ $\{\phi_{t}(\mathrm{x})|t\in \mathrm{R}\}$ , ,
$H(\mathrm{x},t)=\phi_{t}(\mathrm{x})-\mathrm{x}$. (24)
$(\mathrm{x}, t)=(\mathrm{X}, T)$ , , $\mathrm{X}$ $T$ $n+1$
. .
$\mathrm{y}=H(\mathrm{x}, t)$ ,
$\triangle \mathrm{y}=D_{\mathrm{X}}H$( $\mathrm{x},$ $t\rangle\triangle \mathrm{x}$ $D_{\mathrm{t}}H\langle \mathrm{x},$ $t$ ) $\triangle t$ (25)
$=\{\Phi_{t}(\mathrm{x})-I\}\triangle \mathrm{x}$ $f(\phi_{t}(\mathrm{x}))\triangle t$ . (26)
. , $\Phi_{t}(\mathrm{x})$ , $\phi_{t}(\mathrm{x})$ $\mathrm{x}$ $n\mathrm{x}n$ , $I$ $n\mathrm{x}n$ .
, $H(\mathrm{x}+\triangle \mathrm{x}, t+\triangle t)\approx \mathrm{O}$ , $\triangle \mathrm{x}$ $\triangle t$ $H(\mathrm{x}, t)\dashv-\triangle \mathrm{y}=0$
,
$\{\Phi_{\mathrm{t}}(\mathrm{x})-I\}\triangle \mathrm{x}$ $f(\phi_{t}(\mathrm{x}))\triangle t=-H(\mathrm{x}, t)$ . (27)
. , $n$ , $n+1$ $\triangle \mathrm{x}$ $\triangle t$ , .
$\triangle \mathrm{x}$
$<f(\mathrm{x}),$ $\triangle \mathrm{x}>=0$ . (28)
(Mees(1981)) , $n+1$ $n+1$ .
. , $\mathrm{i}$ , $(\mathrm{x}, t)=(\mathrm{X}^{\langle i)}, T^{(i)})$
,





$(\mathrm{X}^{(i+1)}, T^{(i+1)})=(\mathrm{X}^{(x)}+\triangle \mathrm{x}^{(i)}/m, T^{(i)}+\triangle T^{\{i)}/m)$ (29)
. , $m$ , ,
$rn$ .












, 2 2 (UPO(unstable periodic
orbit)) . , , .
41
, ( 1) ,
OECD (Harvie(2000)) , ,
.
1: ( : 1 : 2 )
, ( 2) ,
, 1 ( ) 25 ,
.
, ( )
$(u_{1}^{*}, v_{1}^{*}, \pi_{1}^{*}, u_{2}^{*}, v_{2}^{*}, \pi_{2}^{*})=(0.133356, 0 8, 0, 0.133356, 0.8, 0)$ (30)
, ( ) .
8 \emptyset , , $10^{-6}$ ,
,
102
2: ( : 1 : 2 )
42 ( )





, Regime $n$ , 2 $\text{ }$ .
$\supset-$
3: 1 (Regime 7 Regime 3
, Regime 7 Regime 3 )
, 3 , , 1
, , Regim $\mathrm{e}1,$ $\cdots$ , Regim $\mathrm{e}8$ ,
Regime 1, $\cdots$ , Regime 7 .
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Regime 1, $\cdots$ , Regime 7 ,
UPOI, UPO2, UPO3, UPO4, UPO5, UPO6, UPO7 ( 5 1 )
. , ( 1) ,
. , Regime 8 1
. .
, UPOI, UPO2, UP03, UPO4, UPO5, UPO6, UP07 , ,
, ( 2) , ,
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5: UPO $n(n=1, \cdots, 7)$ 1 $(_{u_{1}})$ (UPO $n$ 1







0.265 0.694 0.000 0.264 0.772 0.000
(0.067) (0.020) (0.099) (0.026) (0.005) (0.027)
$UI^{\supset}O2$
$T=50.3443$
0.262 0.697 0.000 0.253 0.775 0.000
(0.065) (0.020) (0.097) {0.026) (0.004) (0.024)
$U$PO3
$T=75.0586$
0.254 0.704 0.000 0.229 0.781 0.000
(0.059) (0.019) (0.090) (0.026) (0.004) (O.OIS)
$—-\overline{U}\overline{P}\overline{\mathcal{L}})4$
$T=99.4127$
0.244 0.711 0.000 0.213 0.785 0.000
(0.053) (0.018) (0.083) (O.C25) (0.003) $\langle$0.014)
UPO5
$T=123.4528$
0.236 0.718 0.000 0.202 0.787 0.000
(0.048) (0.016) (0.076) (0.024) (0.003) (0.012)
UPO6
$T=147.2005$
0.228 0.724 0.000 0.194 0.788 0.000
(0.044) $\langle 0.015) (0.071) (0.023\rangle$ (0.002) (0.011)
UPO7
$T=170.7045$
0.221 0.729 0.000 0.189 0.789 0.000
(0.041) (0.015) (0.066) (0.022) (0.002) (0.010)
2: UPO $n(n=1, \cdots, 7)$ ( )
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6: 1 (UPO 35 (Regime $3arrow$
Regime 5, Regime $5arrow \mathrm{R}\mathrm{e}\mathrm{g}\mathrm{i}\mathrm{m}\mathrm{e}3$ ) ( ) , UPO 468 (Regime $4arrow{\rm Re}_{\ell\supset}^{\sigma}\mathrm{i}\mathrm{m}\mathrm{e}6$ ,
Regime $6arrow \mathrm{R}\mathrm{e}\mathrm{g}\mathrm{i}\mathrm{m}\mathrm{e}$ $8$ , Regime $8arrow \mathrm{R}\mathrm{e}\mathrm{g}\mathrm{i}\mathrm{m}\mathrm{e}4$ ) ( ) $)$
, 8 ( 1} , 3
. , $\text{ }$
, . , 3 ,
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, . , 31
$(^{<}375)$ 5000 ,
. , , ( )
( 7( )) , 1 1 $N\tau$
( 7( )) . 8( ) , $N_{T}$
( $1.385\rangle$ , , 8( $\rangle$ , $N\tau$
. ,




$\#$ { $N_{T}$ } $\approx 1.385^{\mathrm{N}_{T}}$
. , ,
. , $N\gamma$ 8 ( 37) 13 145
, $N_{T}$ 10 ( 67) 135 1.4
( 4).






$\mathrm{T}$ (period of UPOs) $\mathrm{N}_{\mathrm{T}}$ {Number of oscillations}
7: (1 ) ( 25 ) ( )












$\mathrm{N}_{\mathrm{T}}$ (Number of oscillations) $\mathrm{N}_{\mathrm{T}}$ (Number of oscillations)
8: $(N_{T}\approx T/25)$ y=l.385NT( )
$(1.385^{N_{J^{\backslash }}}’)$ $(1/1.385^{N,}’.)$ ( ) $\langle$ $err2$ 4 )
1 1 $1.3\mathrm{S}5$ 0.385 0.278 1.300 1.350 1.400 1.450
2 1 1.918 0.918 0.479 1.690 1.823 1.960 $2.10_{\mathrm{t}}3$
3 3 2.657 0.343 0. 129 2.197 2.460 2.744 3.049
4 3 3.680 0.680 0.185 2.S56 3.322 3.842 4.421
5 5 5.096 0.096 0.019 3.713 4.484 5.378 6.410
6 4 7.058 $3.0_{\iota}^{r_{J}}8$ 0.433 4.827 6.053 7.530 9.294
7 9 9.776 0.776 0.079 6.275 S. 172 10.541 13.476
8 11 13.539 2. $\acute{.v}39$ 0.188 S. 157 11.032 14.758 19.541
9 16 lS.752 2.752 0.147 10.604 $14.\mathrm{S}94$ 20.661 28.334
10 24 25.972 1.972 0.090 $13.7\mathrm{S}4$ 20.107 28.925 41.085
11 33 35.971 2.971 $0.04\mathrm{S}$ 17.922 27.144 40.496 59.573
12 49 49.819 0.819 0.016 23.298 36.644 56.694 $86.3\mathrm{S}1$
13 69 69.000 0.000 0.000 30.287 49.470 79.371 125.252
14 93 95.565 2.565 0.027 39.374 66.784 111.120 $1\mathrm{S}1.61\mathrm{S}$
15 127 132.357 5.357 0.040 $51.1\mathrm{S}6$ 90.158 155.568 263.342
4: $N_{T}(\approx T/25)$ $(1.385^{N_{?^{\mathrm{Y}}}})$ $\langle$
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